Abstract. Bcl2L12 plays a role in post-mitochondrial apoptosis through multiple mechanisms involving p53, αB-crystallin, caspase-3 and -7 in glioblastoma. Bcl2L12 is reported to be a good prognostic marker in breast cancer and correlated with ER and Bcl2 expression status. However, the mechanisms by which Bcl2L12 regulates apoptosis in breast cancer (BCa) remain unknown. Recent studies have shown that Bcl2L12 expression is a useful biomarker in other types of cancer. Thus, we examined whether Bcl2L12 and Bcl2L12A mRNA were associated with breast cancer progression or a specific subtype. In total, 106 paraffin-embedded, different stage breast cancer specimens were prepared and quantified for Bcl2L12 and Bcl2L12A expression by PCR. The correlation between Bcl2L12 and Bcl2L12A mRNA levels and clinicopathological characteristics was statistically analyzed. The results showed that Bcl2L12 and Bcl2L12A mRNA expression was not significantly different across the different stage, grade and TNM classification groups (P>0.005). Using linear regression, Bcl2L12 mRNA was associated with Bcl2L12A mRNA, grade 3 tumor and the triple-negative breast cancer (TNBC) subtype. In non-TNBC specimens, Bcl2L12 mRNA was only correlated with Bcl2L12A mRNA. Bcl2L12A mRNA was positively associated with Bcl2L12 mRNA and the number of lymph node metastases, but negatively correlated with staging in the non-TNBC group. Specifically, Bcl2L12, but not Bcl2L12A, mRNA was significantly higher in TNBC and grade 3 tumors, respectively. In non-TNBC, Bcl2L12A mRNA was significantly highly expressed in tumors with ≥12 metastatic lymph nodes. Bcl2L12 and its variant mRNA were highly expressed in carcinoma in situ (CIS) samples. In addition, they were estimated to be correlated with the total sample and non-TNBC, but not the TNBC group. In summary, a high Bcl2L12 mRNA expression was associated with the high-grade BCa and TNBC subtype. In addition, the interplay between Bcl2L12 and its variant may be associated with high lymph node metastasis in non-TNBC tumors.
Introduction
Breast cancer (BCa) is the leading cause of cancer-related mortality in women worldwide (1) . The incidence of BCa in Taiwan has increased from 6.23/100,000 in 1970 to 23 .76 in 2000. In a 2005 report, breast cancer was the second most frequent cancer in women with an incident rate of 42.3/100,000 (2) . Cases in men are extremely rare and the ratio of males to females is 0.3:100. The Bureau of Health Promotion Data from 1998 to 2002 indicate that 5-year survival for all stages was 78.37%. The 5-and 10-year survival rates were 98 and 95% for stage 0; 96 and 89% for stage I; 90 and 82% for stage II; 65 and 53% for stage III; and 22 and 10% for stage IV (3). Triple-negative breast cancer (TNBC) accounts for 15-25% of the breast cancer cases. This subtype of BCa refers to any type of breast cancer that does not express the genes for estrogen (ER) and progesterone (PR) receptors, and Her2/neu (4) . It is thought to be more aggressive and to respond poorly to hormone therapy, and is more difficult to treat since there is no receptor target to be antagonized. The risk of relapse in TNBC is also much higher for the first 3-5 years.
The Bcl2-like 12 (Bcl2L12) gene was identified and cloned by Scorilas et al (5) in 2001, and is a proline-rich (PxxP) protein and a newly identified member of the Bcl2 family, containing a highly conserved BH2 domain, a BH3-like motif and a proline-rich region. Currently, two splicing variants of the Bcl2L12 gene are known: one consisting of seven coding exons and producing a 334-amino acid protein with a molecular mass of 36.8 kDa, and another resulting from alternative splicing, leading to a protein of 176 amino acids, a splice variant known as Bcl2L12A which lacks exon 3 (143 bp) (5) .
Differential roles of Bcl2L12 and its short variant in breast cancer lymph node metastasis
Expression of the full-length mRNA transcript has been observed in many tissues, including breast, thymus, prostate, fetal liver, colon, placenta, pancreas, small intestine, spinal cord, kidney and bone marrow, whereas Bcl2L12A is mainly expressed in fetal liver, spinal cord and skeletal muscle (5) . Bcl2L12 and Bcl2L12A are localized within the nucleus (6) . The biological role of Bcl2L12 is not yet completely understood and remains paradoxical. In previous studies, Bcl2L12 and Bcl2L12A exhibited pro-apoptotic activity in BCa and gastric cancer (7) (8) (9) . A 3-fold increase of Bcl2L12 levels was demonstrated in non-cancerous compared to cancerous stomach tissues (9) . In BCa, the two proteins are highly expressed in normal breast tissue, and Bcl2L12 has been identified as a favorable prognostic marker. Knockdown of its expression leads to cisplatin-resistance in the MDA-MB-231 BCa cell line (7) . In nasopharyngeal cancer, th eBcl2L12 expression status was also found to be positively associated with distant metastases and to be an unfavorable and independent prognostic indicator of short-term relapse. Bcl2L12 mRNA expression may thus constitute a novel biomarker for the prediction of short-term relapse in nasopharyngeal carcinoma. By contrast, Bcl2L12 and Bcl2L12A are ubiquitously overexpressed in primary human GBMs and may be associated with resistance to chemotherapeutic agent-induced apoptosis, which is an important hallmark of this disease (10) . Furthermore, Bcl2L12 plays an anti-apoptotic role in gBM and blocks post-mitochondrial apoptotic signaling by inhibiting effectors caspase-3 and -7 (11) (12) (13) . Besides that, Bcl2L12 attenuates endogenous p53-directed transcriptomic changes after genotoxic stress and inhibits p53-dependent DNA damageinduced apoptosis (10) . The anti-apoptotic role of Bcl2L12 and Bcl2L12A was found to be regulated by GSK3β in glioblastoma and was inhibited by LiCl (14) . ERβ5 was observed to interact with Bcl2L12 in a novel estrogen-independent molecular pathway that promotes cisplatin and/or doxorubicin-induced in vitro apoptosis of the MCF-7 and MDA-MD-231 BCa cell lines (15) . Taken together, the roles of Bcl2L12 and its short variant in BCa remain largely unknown and contradictory. Moreover, it is also unclear whether Bcl2L12 and Bcl2L12A mRNA can be used as biomarkers for Bca progression and/or a subtype of BCa. Therefore, in this study we screened and analyzed the expression of Bcl212 and Bcl2L12A mRNA in clinical specimens to address these issues.
Materials and methods
Tissue collection. A total of 106 paraffin-embedded BCa tissues and 1 flesh tumor tissue were collected with the permission of the institutional Review Board of Kaohsiung Armed Forces general hospital in 2013. The expression profile of Bcl2L12 and Bcl2L12A was assessed and analyzed to determine whether they were correlated. The clinicopathological characteristics of these tumors are shown in Table I . There were 102 (96.23%) invasive and 4 (3.77%) non-invasive tumors. The invasive tumor group included ductal (n=89, 87.25%), lobular (n=4, 3.92%), papillary (n=1, 0.98%) carcinomas, medullary carcinomas, atypical (n=1, 0.98%) and mucinous adenocarcinoma (n=7, 6.86%). The non-invasive tumors included ductal carcinoma in situ (CIS) (n=2, 50.0%) and intraductal papillary carcinoma (n=2, 50.0%). histological grades were classified into the low (grade I and II, n=97, 91.5%) and high (grade III, n=8, 8.5%) grade groups. HER2/neu protein expression was negative (0 to +1) in 56 specimens and positive in 49 (+2 to +3). In TNM staging for tumor size or direct extent of the primary tumor, T2 stage (n=58) predominated followed by the T1 stage (n=31), T3 stage (n=3), T4 stage (n=3) and CIS (Tis, n=2). Regarding the spread to regional lymph nodes, tumor cells were absent from regional lymph nodes in 64 (N0) and regional lymph node metastasis was present in 36 (N1). For distant metastasis, samples were grouped into no distant metastasis (n=95) and metastasis to distant organs (n=5).
RNA extraction. Total RNA was prepared from paraffin-embedded breast cancerous or normal tissue using a PureLink FFPe Total RNA isolation kit (invitrogen-Life Technologies, Carlsbad, CA, USA). Deparaffination, purification and washing were conducted according to the manufacturer's instructions. RNA quality was determined by the ratio of OD260 vs OD280 nm. The RNA concentration was deter- mined by detecting absorbance at 280 nm on a Tecan infinite M200 multiscan spectrophotometer (Tecan Group, Bayonne, NJ, USA).
cDNA synthesis. First-strand cDNA synthesis was carried out using the ImProm-II Reverse Transcription system (Promega, Madison, Wi, USA). Briefly, up to 1 µg of total RNA was premixed with Oligo (dT) and random hexamers in a vial, then heated at 70˚C for 5 min and chilled at 4˚C for 5 min for pre-denaturation. Subsequently, 4 µl imProm-ii 5x reaction buffer, 25 mM MgCl 2 , 1 µl 10 mM dNTP Mix, 20 units ribonuclease inhibitor and nuclease-free water were added to a 1.5 ml eppendorf tube. Then, 1 µl imProm-ii Reverse Transcriptase was added to a final volume of 15 µl and incubated at 25˚C for 5 min for primer annealing, 42˚C for 60 min for synthesis, and 70˚C for 15 min to inactivate the enzyme. The generated cDNA were stored at -20˚C for quantitative PCR (qPCR).
Quantitative PCR. A total of 106 BCa tissues underwent qPCR. Detection of mRNA expression levels with respect to endogenous Bcl2L12 and Bcl2L12A was performed by EZtime 2X SYBR-Green Premix real-time PCR (Yeastern Biotech, Taipei, Taiwan). The thermal cycling program was carried out on an IQ5 Real-Time PCR Detection system (Bio-Rad, hercules, CA, USA). The increase in fluorescence emission (Rn) was measured during PCR amplification, and the difference (ΔRn) between the fluorescence emission of the product and the baseline was calculated with IQ5 Optical System software (Bio-Rad) and plotted against the cycle number. Threshold cycle values were then calculated by determining the point at which the emitted fluorescence exceeded the threshold, determined as 10-fold the standard deviation of the baseline of cycles 3-15 (16) . The reaction mixture contained 10 ng cDNA diluted in 2.5 µl diethylpyrocarbonate-treated water (Applied Biosystems, Foster City, CA, USA), 12.5 µl eztime 2x SYBR-green Premix PCR and 2 µl gene-specific primers (final concentration: 50 nmol/l each), in a final reaction volume of 25 µl. The reaction conditions were set up as follows: For Bcl2L12 and Bcl2L2A: denaturation of the template and activation of DNA polymerase at 95˚C for 10 min, followed by 45 cycles of 95˚C for 20 sec; for denaturation of the PCR products, 58˚C for 1 min for primer annealing and 72˚C for 15 sec for extension. The conditions for β-actin were: denaturation of the template and activation of DNA polymerase at 95˚C for 10 min followed by 45 cycles of 95˚C for 10 sec for denaturation of the PCR products, 58˚C for 1 min for primer annealing and 55˚C for 15 sec for extension. Each RT-PCR experiment was performed in duplicate to evaluate data reproducibility. To distinguish the main PCR products from primer-dimers or other non-specific products, a melting curve analysis of the PCR products was generated after amplification by heating the reaction mixtures at 60-95˚C with a heat ramping rate of 0.1˚C/sec while continuously acquiring fluorescence emission data (18) . The melting temperatures (Tm) of the target genes and β-actin amplicons were expected to be 80 and 85˚C respectively, whereas primer-dimers or other non-specific products were characterized by a much lower Tm (up to 75.0˚C). The calculations and validation of the comparative CT (2 -ΔΔCT ) method were used for target gene mRNA quantification. The application of this method was based on the hypothesis that the PCR amplification efficiencies of the target and the reference genes were similar to each other and close to 100% (17) . The prerequisites for the application of the 2 -ΔΔCT method were checked in a validation experiment, in which CT values of target genes and β-actin were measured in a dilution series of control cDNA over a 10 6 -fold range and then plotted against log cDNA dilution according to a previous study (18) . RT-PCR efficiency (e%) for amplification of each gene was calculated using the formula: E% = [-1 + 10 (-1/α)] x 100, where α is the slope of the corresponding amplification plot (18) . β-actin was used as a reference gene to normalize the PCRs for the amount of RNA added to the reverse transcription reactions. Normalized results were expressed in the ratio of target gene mRNA copies to β-actin mRNA copies (c/c). The results were the average of data from at least triplicate experiments and were shown as fold increase ± SEM. All primer pairs with respect to Bcl2L12, Bcl2L12A and β-actin were designed using a web-based program provided by GeneScript.com. The primer pairs were qualified and demonstrated: i) high amplification efficiency (≥96%) across a wide range of cDNA dilutions (see Fig. 3) ; ii) specific single products in dissociation curve analysis; and iii) Tm similar to those predicted by oligonucleotide software. The sequences of each primer pair were as follows: Bcl2L12 forward, 5'-GGTCCAA GAGCAGCTGAAAT-3' and Bcl2L12 and reverse, 5'-AGGCC AGCTTCTGGTTAATG-3'; Bcl2L12A forward, 5'-CCACCT AGGCCCAGCTACT-3' and Bcl2L12A and reverse, 5'-CGGA GATTTCAGCTGCTCTT-3'; β-actin forward, 5'-GACATC CGCAAAGACCTGTA-3', and β-actin reverse, 5'-GGAGCA ATGATCTTGATCTTCA-3'. The amplification strategy for Bcl2L12 and Bcl2L12A mRNA is shown in Fig. 1 .
Statistical analysis. Statistical procedures were conducted using SPSS 22.0 statistical software (IBM). A Kruskal-Wallis test was applied to discriminate whether expression levels with respect to Bcl2L12 and Bcl2L12A mRNA were significantly different across different stage, grade and TNM staging breast cancer groups. The Stepwise and Enter methods, respectively, were used in linear regression to determine associated factors for Bcl2L12 and Bcl2L12A mRNA expression in total, TNBC and non-TNBC samples. The analyzed variables included diagnostic age, clinical diagnosis type, tumor size, number of metastastic lymph nodes, TNM staging, staging, Her2 expression, ER status, PR status, histological grade, lymph node metastasis, invasive status, grade 3, TNBC, Bcl2L12 mRNA and Bcl2L12A mRNA. The different expression levels of Bcl2L12 and Bcl2L12A in dichotomous groups were assessed using the independent sample Student's t-test. The linear regression formula and plot of Bcl2L12 against Bcl2L12A were estimated using SigmaPlot 12.0 (Systat Software, Inc., San Jose, CA, USA). P<0.05, β>0.14 and r 2 >0.14 were considered statistically significant.
Results
Since the amplification efficiencies of the target (Bcl2L12 and Bcl2L12A) and reference gene (β-actin) were approximately equal, the ΔΔCt calculations of our RT-PCR data were valid. The slopes of the Bcl2L12, Bcl2L12A and β-actin standard curves were similar (-3.361, -3.341 and -3.440, respectively), and showed similar efficiencies to the corresponding amplicons (98.4, 99.0 and 98.3%, respectively). To confirm the efficient and specific amplification, the standard curve and melting curve analysis was generated for each target gene and the reference gene. As shown in Fig. 2 , Bcl2L12 amplification showed a good amplification efficiency of 99.7 and r 2 number of 0.994 of the standard curve. Checking the products by gel electrophoresis, the three target gene amplifications had the expected size bands as shown in Fig. 2D .
The expression levels with respect to Bcl2L12 and Bcl2L12A mRNA in our samples were estimated for the skewness value of 3.16-6.58 and kurtosis index of 9.38-44.828 (data not shown), suggesting that they were unlikely to be normally distributed. Therefore, a non-parametric statistical method, the Kruskal-Wallis test, was applied to discriminate whether expression levels with respect to Bcl2L12 and Bcl2L12A mRNA were significantly different across categories of stage, grade and TNM staging. As shown in Table II , there was no significant difference in the Bcl2L12 and Bcl2L12A mRNA expression for the categories of stage, grade and TNM staging (P>0.05). This result suggested that Bcl2L2 and Bcl2L12A mRNA expression were unlikely to be associated with BCa progression.
The correlation between Bcl2L12 and Bcl2L12A mRNA levels and clinicopathological characteristics was analyzed group when using the stepwise method. Nevertheless, when the Enter method was used, Bcl2L12A mRNA was additionally associated with the number of metastatic lymph nodes (Table iv, Bcl2L12 has a unique role in TNBC, and a high expression correlated with high-grade tumor and the number of metastatic lymph nodes. Bcl2L12A was correlated with Bcl2L12 in non-TNBC and their association was possibly linked to the severity of lymph node metastasis. We assessed whether Bcl2L12 and/or Bcl2L12A were unequally expressed in the dichotomous group of BCa. As a result, we observed that Bcl2L12, but not Bcl2L12A, mRNA had a significantly higher expression in the TNBC than that in the non-TNBC group (Table V, P=0 .014) and was also more highly expressed in grade 3 than non-grade 3 tumors (Table V, P=0 .030). Conversely, in the non-TNBC group, tumors with metastatic lymph nodes ≥12 were found to have a higher Bcl2L12A expression (Table V, P=0 .021) than their counterparts. The CIS samples also showed a higher expression of Bcl2L12 and Bcl2L12A than other samples (Table V , Bcl2L12: P=0.010; Bcl2L12A: P=0.008). Since, as mentioned above, Bcl2L12 was correlated with Bcl2L12A expression in the total sample and non-TNBC group, we plotted the regression line and estimated the regression formula as shown in Fig. 3 (total sample: Bcl2L12=104.867 +(0.111*Bcl2L12A); non-TNBC: Bcl2L12=97.430+(0.0359* Bcl2L12A). According to the result and regression formula, Bcl2L12A mRNA expression had a 3-fold enhancement in the non-TNBC group compared to the total sample. In addition, Bcl2L12 was correlated with Bcl2L12A expression with a low level index (r 2 = 0.144-0.146, P<0.001). These data indicated that the interplay between Bcl2L12 and its variant may be linked to non-TNBC tumors.
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Discussion
In BCa, Bcl2L12 expression is initially recognized as a good prognostic marker and is associated with long-term survival (19) . Using a conventional RT-PCR approach, Bcl2L12 mRNA shows a relatively higher expression in low stage (I/II) and grade (I/II) tumors. The chemotherapeutic agent taxol, used to treat the MCF-7 BCa line, downregulates Bcl2L12A and caspase-9 expression, but causes elevation of Bax expression. Thomadaki et al (20) suggested that Bcl2L12 and Bc12L12A were potential biomarkers for predicting patient outcome after chemotherapy. Antineoplastic agents, such as cisplatin, carboplatin and doxorubicin have also been tested in different BCa lines. Bcl2L12 has been found to be associated with BCa chemoresistance associated with Bcl2 and can be modulated by chemotherapeutic drugs. The hypothesis of Bcl2L12 as a marker of favorable outcome in BCa is based on the finding that Bcl2L12 is highly expressed in low-stage clinical samples (8) and on acquired resistance to cisplatin consequent to RNAi-based knockdown of Bcl2L12 in the BCa MDA-MB-231 cancer cell line (7). Apparently, ectopically expressed gFP-tagged Bcl2L12 and Bcl2L12A inhibit CHO cell growth. However, Bcl2L12 is more likely to trigger apoptosis, whereas Bcl2L12A as a nuclear protein affects phosphorylation of cyclin B1 and interferes with the G2/M transition in the cell cycle to cause growth arrest (6) . Investigation of the interaction of Bcl2L12 and its variant revealed that HSP70 protected Bcl2L12 and Bcl2L12A from N-terminal ubiquitin-mediated proteosomal degradation (21) . More recently, in contrast to previous findings on the role of Bcl2L12 in BCa, a putative tumor suppressor of BCa, eRβ5, was found to interact with Bcl2L12, which may compete with the interaction of Bcl2L12-caspase-7 and result in sensitization to chemotherapeutic agent-induced apoptosis (15) . This finding supports the anti-apoptotic role of Bcl2L12in gBM, by interacting with caspase-7 to antagonize apoptotic activity. Of note, the use of chemotherapeutic agents to treat cancer cell lines generally results in the downregulation of Bcl2L12 and activation of pro-apoptotic members in the Bcl2 protein family, such as Bax. Thus, the reason for chemotherapeutic agent-associated signaling downregulating a favorable prognosis marker such as Bcl2L12, should be investigated. However, Bcl2L12 and/or its variant may have different impacts on drug response, tumorigenesis and patient outcome. Bcl2L12 and Bcl2L12A need to be evaluated synchronously to elucidate their interplay in BCa.
Regarding the correlation between ER and Bcl2L12, a previous study demonstrated that Bcl2 is more highly expressed in ER-positive and Bcl2L12-positive BCa (8) . A high Bcl2L12 expression is suggested to be associated with ER and Bcl2 expression. However, in the present study, we observed that Bcl2L12 mRNA was more abundantly expressed in TNBC tumors. Furthermore, Bcl2L12A mRNA was elevated in TNBC compared to non-TNBC tumors although the result was not statistically significant. In non-TNBC, Bcl2L12A expression was markedly enhanced, correlated with Bcl2L12 mRNA level and was associated with the severity of lymph node metastasis. In another study, Bcl2L12 was found to interact with eRs through eRβ5, but not ERα, eRβ1 and β2 (15) . The expression profiles of eRβ5, caspase-7 and Bcl2L12 in TNBC and non-TNBC subtypes should be further investigated.
Despite the lack of knowledge concerning the role of Bcl2L12 in BCa, the molecular mechanism of Bcl2L12 involvement in GBM tumorigenesis is better known. Its caspase-inhibiting role is dependent on negatively regulating p53 transcription and the subsequent triggering of the αB-crystallin/caspase-3 interaction (22, 23) . Recent findings have demonstrated that αB-crystallin overexpression promoted brain metastasis, while silencing αB-crystallin inhibited brain metastasis in orthotopic TNBC (ER/PR/Her2 negative BCa) (24) . αB-crystallin promoted the adhesion of TNBC cells to HBMECs at least in part through an α3β1 integrin-dependent mechanism. These findings suggest a role for Bcl2L12 in TNBC brain metastasis. In the present study, we also found that TNBC highly expressed Bcl2L12 and Bcl2L12A. In GBM, αB-crystallin is known to be a downstream gene of Bcl212 and may be important for inactivating caspase-3 during tumorigenesis. More studies are needed to determine whether Bcl2L12 is an upstream activator of αB-crystallin in promoting distal metastasis of TNBC. Thus, our results have shown that, a high Bcl2L12 and Bcl2L12A mRNA expression was not associated with BCa progression, but that Bcl2L12 mRNA was correlated with high-grade BCa and the TNBC subtype. In addition, the interplay between Bcl2L12 and its variant may be associated with high lymph node metastasis in non-TNBC tumors.
